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II.
1A,

ASEA OF WORK - IMFROVED KPR RESOLUTION (C. LOGAN)

Work Item - Improved lizht collimation durin; KFR exposure.

This work item hos Leen completed,

Work Item - lMask W:fer "Contuct" Ex;-surc Zf.acis.

Tiis work ite. Lis becn cu.Tleted.

Work Item - Hi;l. Rosolution hcsks.

This work itea Li.s been conpletad,

AREA Or WORK - COI'TACI BVAFORATION AND ALLOYIN: (C. LOGAN)

Work Item - Improv:.! 3ubstrilz He:utzr Desin,

Abstrict - Imjrovel suusirite heubters ¢i toe ‘esi n described in tue previcus

Furj}ose -

Narritive .-
and Dat:

r: rts liwve been instilled «nd are bein; usel for vapor
erosition processin, . & number of rnalytical tecnniques were
nsrassed for contrict evilustion relative to process monitoring.

Consistent : nd uniferin aluidinvn cont ct surfrces and alloy
necessittes controllel dejouition :ini alloy temperatures. The

i rovei heater design has ucen Jdeveloped to sininize temperzture
.r. lent effacts which wre clisracteristic of lar ¢ area electrical
~esistance ueulers.

Work durin, tiids cuarter iius consistel of Lhe ev:luation of a
nuwer of analyticul tecuniques for defining the quality cf the
contict process, The followin; techniques were evaluatedl:

1, Cross-sectioning,

2. Ultrasonic Vibration,

3. Hysic:1 Abrasion,

L. Dissoluticn of thie contoct metal followed by microscopic
exwiinition of tlie substrute,

A cross-sectioning tecinique was (evelored for me:suring tle

legrec ¢f cluminum-silicon interaction, which invelved angle-
lapping of the trunsisior structure tollowad by hi_h maznification
ideruscojic viewing. Due to preferesntial zbrusion of the alumimum
wiisl. occuried under certuin loprin: conditions, the reproduc-
ibility of tlis technique was open to question. The feedback time
for results wus zlso tov long for ccnvenient use, so this technique
wus abandonei,

[ie re:;uler clewn-up which fcllows tlloying Las been expanded to
include a hLi ii-energy ultrusonic vibration in a water medium.
Wafers with uwrginal alloy quality are imvelintely reco:nizuble,
e to either rartizl or complete loss of the contucts, Wafers
showing suall isolate’ areas of lost aluminum are rhysically
abraded with a sharp pointed instrument to distinguish between

cverall poor alloy due to sone surface condition such as residual
oxide or KFPR.
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A technique for tie removal of the aluminum from the contzct ares
usin; a chemical etch, either H¥ or HCl, and then viewing the
aluninum-silicon interface at Ligh magnification under dark field
illumination has Leen established., This lius proven to be a very
desirable tecimnique for determining contzct nlloy quality Lased on
chur cteristically identifiuible interiace conditicns such as
dendrite or pit size und density, silicon re;rowth foraation and
c.orphous silicon deposits.

Backing up ti.ese analyticul proce.ures is a2 pre-sumpling plan, in
whish ¢ saw.ll nuater of pellets is fabricited intc cevices and
bentability (ease of thernoco.pression bending), strengtl cf the
bund (drop test) and electrical resis* nce of t.e centict are
senssad te esb 0lish cont:ct grality.

Wit: t e excep*icn oi tiie tirsi tecinique (cross-sectioning), all
t.iese procedures hi've ueen u v} ted to some de;ree and are being
nscd for process mornitoring.

llie new infruzreu Leater Jdesi:n w5 efiected a significaat improve.ent
in the reproducibility ::nd uniformit, of ti.e contact process. These
iiprovenents were verified and tre bein. ..aintcine.l, using tie
frecass monitorin; techniques .escribed above.

Tuis werk itz hus cecn co yleted.

Work Itewm ~ Teuperiture Control Lujrove ents.

This work ite.1 (.5 Le.n cunpleted,

Work Item - Re ulated Lezk Considera‘ion.

This work li:s been pre-enpted by tie vacuum -epcsition process (See L A.)

Work Item - Vacuri. Deposition Frocess.

Lstroct -

Furgrose -

Nurr:-tive -

and Data

Jonulie -
sions

The elevatad substrate temperature deposition process has become
sionl :'d procedure for contuct processing.

To develop  constint process which would wininize the critical
ntnre of TJ5, liermo Compression Bonding, and promote repro-
dr:icdliey cf :1loy r2:ions having ne;ligible effect on the
ele:tric.l pur.metecs,

Rerer ‘o "V .rrolive und Datu" for "Work Item - Improved Substrate
Heater Design®", in "Areu of Work - Cont:ict Evaporation and
Alloyin ", II1 1 D.

o orlevale. baagperuture iopositions, along with the improved
subslr: Le henter desiin, Lav: resulted in iuproved reprocducibility
sl walerndl of Lee conbict frocoss, and Lence improved lead
“Lteeinent, Frocess soadtediny Leconiques, as discussed in II 1 D
.ive verifie i.Js (i will Le vse Lo ensure jrocess control.
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Program - This work ites lLias been coupleted.
for next
Quarter

AREA OF WORK ~ COLLECPOR ETCHING (C. LOGAN)
Work Item - Surface Masking.

This work iten ucs been completed.

AFA O} WCRK - BCRON DIFrfUSION (A. R. NI FIE[tO)

Work Item - Replace Present 8203 S0lid Source Frocess by ¢ 3013 Juseous
3o'rce Process.

This work item was ternin:i.ted, as repurted in narterly Report No. 3.

AREA OF JORK - 1ilOSFHORUS DIFrFUSION (J. F. WHOLEY)

Work Item - Iaproved Soirce Heater for lhosrhorus Difiusion.
Tliie work item hrs teen courleted.
Work Item - luproved [lecl.nique of Loading Phosjherus Source Bo:ts.

This work itew .. s te=n completed,

AiTh 0¥ WORK « CUGLLECIOR JO''Taol IO THE | RADER (R.il. L.NZL, J.L. DURSO,

J. RICIARDSON)
Wdork lten - ledv:ction in 3ize ot Frefonrm..

Do besic wook it is the debug in, of tie prefora mount equipuent to provide
repid, :courcte nnd reproducible attroliaent of prefceias to headers prior to
rellet nount «nd te optluize farther ‘e entir: pellet rmoeunt process.

A.strict = Work pro.resced tc tie point waere preforus were Leing :pplied
~ccarately ot plonne! r:les. Tae preforn ic.ciiine was tien incorp-
orated in “ue proJuction line. T.e .c.c.dne hus subsequently
experienced consider:tle dowitiie, e to urintenance problems,
ot work on tids "first enc ulien" saciine is ccoasiieed satis-
Loctor, cnd coaplote.

Furgpcse -~ T2 jo:1 durin t is period wis e co.plete the delug ing of tie
jrzicr wountin | equip.ent.
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Work Item ~

Abstract -

Furpose -

Narrative -
and Data

- Debugping work was conmpleted. More accurate preform ribbon

tooling was provided. In order to increase preform placement
accuracy still further, a retracteble hold-down was incorporated,
to control the preform from the time of cutoff until welding
took place.

- The fessibility of this work item wus substuntiated, Contimming

effort must be made to maintain placement accuracy znd to miniidze
equipment downtime, but the basic work item is considered to be
complete.,

Reduction of the Corro@ing Species by Improving Cleaning and
Tighter Inspection of Purchased Material (F.K. GLASBRENNER,
R.J. KOBLER),

During this period line experiments were conducted to determine

the effect of thermal cycling on gold adhesion and samples obtained
for comparison of "as received" versus "cleaned" parts and placed
on high temperature storage tests (300°C. to 350°C. range).

To determine if the inspection procedures and tests are adequate
in controlling the quality of the gold plate, and to determine the
effect of uncleaned headers on device performance.

Hitherto, work has been essentially concerned with determining how
well the cap, preform and header meet the drawings, and the
effectiveness of the incoming inspection and cleaning processes.
Recognizing that the header and its finish rlay the major role in
obtaining good alloying or adhesion of pellet to header, devices
were fabricated with uncleaned .ieaders, in an attempt to evaluate
the effect on the collector contact.

The experiment with cleaned versus uncleaned headers was designed
to determine if header cleanliness can contribute to a major mode
of failure. After 1,000 hours of baking at both 300°C. and 350°C,
on “as receivad® and "cleaned" parts, the results indicated that
there were no orens of pellet tc header contact in either group.

1, Cap and Freform.

No additional information was obtained in this area and no changes
were made in the drawing, as processin; is considered to be
necessary at this time, to improve the quality of the product.

2. Header.

To date we have investigated the thickness of gold plate, the
identification of base material and the effectiveness of the
cleaning process, as determined by infrared analysis. Vendors
have been approached on the subject of the purity of their gold
plating, but they were unwilling to specify anything more specific
than 2l K gold. The purity of tie gold used is important, and
control of contumination in the gold seems to be a constant
problem in the plating processes.

It has been observed durin; experiientation tiat subtle variations



ViI.

1A,

5

between piated parts could affect some line processing operations
such as thermocompression bonding and could lead to rejections at
this work station. These variations have not been detectable by
incoming inspecticn procedures. Therefore, more inspection has been
instituted, based on line usage pro-essing, to ensure that poorly
plated lots do not reach the production lines.

Conclu- = It cppears thut the level of contuminu.tion present in the devices

sions is low enough in magnitude to rule it out as a contributor to a major
mode of devire failure of collector contact, i.e., no opens in
"cleaned™ or contrcl versus "uncleuaned" neader experiment. Therefore,
no m:jor ch.nges in heuacer drawings will be initiated.

Progrim «~ Tnis work 1tem his been ccupleted.

for next
Qu-.rter

AREA OF WORK - INTERCONNECTIONS.

Worx Item - Improve konding; Fro-ess (LANZL, DURSO, KOBLER).

Abstr :t « 1, Diria t is period tests were coupleted on units fubric: ted
with, wire from Vandor #. Relnitvs of . study of wire specific-
ticns <nd surf e cort o Tion €% wi80 comple.ed.

2e wn £ surliy (Govace 1 ri- tac ) wes weza converted to . new
vi:l € (&si g Walin previe 1 > 2. i.prcved obond stren th.,

Furpcse « 1. To delermine tius eftect of .i.tec1 1 Irca Vendor B on device
strenstd,  op.ner witlh e 2rmitang o) biuam wire specifications.

2. To obt an .n cptimun tentin process, using 4 new wedge design.

Nurr.tive = 1:. Se-ond 3o 'rie of Wire Supjs; (Vendor B).

and Dat
Units £ Lri. ted with wi.< «b*t.ined from Verdor B have been
sub:jected t¢ series of aech macal tests, ant the results are as

follows:
Fooe d

vendor| bBili. tioa Tiuer of Opeus Alter

3 I
3.nple|l Per | Foo cenirifucel 3uock| Coatratu e Vibration |
3i e B | Veador | _ rati-,] Var. Freq,

3 I o K& 11,0 Ks| 35 KG[50K3| 20G 20G

Lo i.5 1 Z 3 L 6 6 6/39

36 | vy Y 0 R 1|3 3 3/31

36 i3l L U 0 0 | 2 |2/37 2/37

30 11, 1o i 3 5 9 9 9

Our results indic ted th. t railure r tes fcr tue 1% and 168
cleay: ticr wires werg wl oer t.r toose for the $¥ wund 13%
elorn;: tici. woras,



An order wis thevefcre placed with Vendor B for 500 feet of wire

to niu % - 134 clon : tion value ~unge (G.B. measured these elong-
«tions . s 10F = WA). When the in teriul wus received and tested for
couplicnce wits specific tica, i wes found to be in the 154 - 168
r:nge, and wes returne. for repl cement., Tue vendcr felt tnit 104 -
U4 wes too tighi . range to procuce consistently, wnd & compromise
cone of Y3 = 154 vic . reod upoi,

ti tericl to this ruyye L .5 bien veceived und ie being pirocessed
on the prcduction line &l lie piesent time. Perforii nce will be
rercried at o lufe. w.ie,

1b, Study of Wire Specific. tions
During, tiie period =n irvestip-*ticr wos conpleted on tie effect of
re-~. nnezling : nrealed wire on the elon,.ticn range and ureak load

of wire from Vendor A. The results re as tcllowst

Fiu

rre e

Elon. ticn B e wing Lozl (Gins.)

As Received | After Arreclii, | Ao Recsivesd| After Anne:ling

19,1 - 15,0 ey = 1. e = 20T 1049 = 25.C

Tiersafore, sinc cur resnlte t-nd to Loalz te only slight ci.inge
in wecer nie 1 opropertics flzp re-coulilg oo wire on sm 11 spools
i re= nne Iing, tuc elen, tden r ne ¢f $% - 15% aprezrs to be =
o scc kle wir, spocific oo,

lc. Suri. c2 Cont. wmir .tion of Wire,

Wirc iraa Veoder A, "o received", w. o w.oecker Jor oruric w tericl
Ly iafrired wn lysis ni wes fiund ¢ bovez 23 2 10 ppm, whicu
redusec tc € £ 2 prm . fter tie Jle ring cper tion. However, sarples
of w Lei.l frca Verdor B, wuich is esti.. ted t azve upproxinstely
the suue "o recodnea® ppn oof orenic anteri 1, were rmn on 300¢C.
stor ;e for 1,000 Le rs wita no resulting crens or fuilures. This
wed indec te ULt oo difdersoce in ontomin tiou levels wis not
signific n* encu;i t b 1 i ny effect cr. device perferic.nce.

1d. The ori im 1 orjuctive of coteini:., wore unifcrm physicel
prejcriies of wire hes teen re: lized U cot: fidrg twe vendors
c.prl.le of predncing moteric 1 per ti. revised specific: tions,
Sv nd- rdiz.:licr of (e len: th fur elon :ticn  ad specific.ticn
of r.te f pnll will ensure th:t this unifcraity is m:intcined.

Therefcre, work in ttds area is corplete,

2.+ Results {rom wedie desi;n experi.ents during tie 1l:st quarter
siwwed it @ si nific nt disprovement in bond sirength cculd
be ¢otiine: by chon ing the Weo e desi_n. Ite device manu-
foocturing line w.s converted t¢ cne of the new designs which
s o L=l insteud of o Z-mil bondin: width. This new wedge
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2limin: tes *the vecend Lend to tne pellei :ni results in o
congider “le a.provament in tie bonding r. e,

2b. The bondin, precess tus bean awdified to - cccmnodute the new
wedpe desipn ond tue firet 1,506 (cpjrex.) units fabriceted
liwve been used in the electrical screeniny exyperlients. The
cdcvelopment of tuis process is coneidered to be complete, und
¢ manafr eturing precass o0 becn demonegtri.ted wilci resulted in
sijnificont i prove.ent i wvonding strengti,

1. Wire trow Vendor b wew seen to cenform mech:nic.liy o thet of
Vendor A in tue zlony: tion range of Y% - 154, TLis elonjution
runge is seen to Le thi t ot which fewest failures are preduced
and which is veut worksble trom z minufacturing standpoint.
Surfi.ce cort mir- tion on "us received" materiul was nod sig-
rwfic rtly odfferent frow the t of "cle ned" nterinl in its
ef{fect cn davice peoformonce, Work in this are. is complete.

2. Tie i wlorin,, ian€ a .o Lol converted Y0 . new uonaing
rrocess whicu includes n uprcved wew e desion. Work in tuis
crea is couplete.

AREA OF WORK - RELIABILIIY +EASURT:EN (.. E. GACOS3, A. FOX)

1 A, Work litea - Coimpletion of F. sc 11 1 we=lse,i Experiwents, lncluding tne Acdiiion

B.

C.

Alstr..ct

Purjosc

rd Coapletion of S.ver 1 Ouer bro-lesls rot Freviovsly ienticned.
complelion of Volt e jl:s Te.wpcruture Sirass on tue Phase 1l
Screan Exp aricent.

Fiore 1 osacews a1 o1 o Loce 11 pre-test experinents, including
“acse ad-ed since the third quircverly repcrt was issued. Results
«re si.aWn in i ures 2 *Lrcugh 10. Migure 11 shows the Fhuse 11
exporinerts, Fi mres 12 tircv o 1y show Uie anclysis of resulis

tc d.te.

1, Tie pre-tests liste - 1A (.wrouh 1f in Figure 1 were designed to

. in~ic. te wictiier ¢ . OCY. or : 2060°C. ouke, r:nging in tiue
from 200 sours to o) wours, would affect the mechoniccl
streny th of tie _cld wire-to-rellet cond. This would indic:te
icw long 2 volt.pe plns t.igpe..ture screen could be run
Lefore it «ffected wech  nac. 1 stangtl,

b. ietermine .letier t'.e initi:) suvjecticn of the devices to
20 Ko centrifu e weul.  ticet L eir subsequent perforamunce
At hijocr stress,

~e The pre-tsste listed "A tlwrou,.. ZE were run tc

ve provide an esiiin: te of :cceler ted cperating life failure
r-tas prev.iling ~urin; t.e lotter .« f of 19v2. This, in
turn, would en bl: us to .. ke un efijcient selection of
e ple sizes, ojeratiny, life lests and preportionment of
scnples betlween tests.



FIGURE 1 - PROPOSED PRE-TEST EXFERIMENTS,

Approximate
Number of
Devices
W - 125
1B - 125 | 300°C. Centrifuge as Above 280°C.|___ Centrifuge as Above
1200 Hrs 112 Hrs|
1C - 128 Centrifuge as Above Centrifuge as Above
IHPROVED| 1D _["280°c.] f20 kd_[35 o 35 w3 J50 ke] [ 260°c.] [o0 xd| [35 wo] [35
BOND 200 Hrs] |1 Mir Mol |5 14 200 Hr. M M
DEVICES * . 3* #* * #* #* #* * &)
FROM j j —
PARTS A, 50 260°C.| [35 kol [ 260°C.| [35 ka
C, B, G 1 Minf |168 Hr Min| [100 Hrs |5 Min
FIGURE 3 | * * » *
AFTER 50| 1B n 200°C. Sums sequence us for 1D, excert that buke temperzture is
KG CENT- 2C0 Hrs| 200°C. instead of 2(0°C.
RIMIGE. +#
1F Same sequence as for 1D, except that all bakes are omitted.
*

2hA - 25 1.0 Wetts, 30 V. Read Ico, Igo, hrE at downtimes
2B - 25 1., Wetts, 30 V. Readings and Downtimes si.me as

0N - 1,000 Hrs, for 2A.
2C - 50 1.2 Watts, 30 V, Reudings and Downtiies saue as

500 - 1,000 Hrs. for 24,
2D - 100 1.0 W.tts, 30 V. Readings and Downtines stpue as

£30 -~ 1,000 Hrs, for 24, »xcept Lb-lour omitted.
2E - 100 E.T Watts, 30 V. Reudin s 7nd Downtimes same as

00 - 1'000 HI‘S. for 2D-

3A - [Devices from 9. ::nd 1S._-lovrs/siep
Fhose I, LS Volts plus Temperature.

Devices from sime D te Codes us .Love, itnt ot
reviously sub ected tc L. V., ¢ Temper..ture.

25

LA - 1.G Watts, 30 V.

Read Igg, hyg,
506 - 1,CC0 Urs,

06 watts, 2V,
1,000 Hrs. |

* = Read for Opens and
Shorts.
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and Data

3. The pre-test listed 3A was to

4. determine whether those devices which had previously showed
stability on an extended voltage plus temperature screen
(stable Phuse I devices from Temperature plus Voltage Step
Stress - 92 hour and 192 hour treads) were significantly more
stable when placed on 1.6 watts, 1,000 hour life than those
devices from the same lots which had not previously been sub-
jected to LS Volts plus temperwture.

L. LA shows a 3 minute ON, 3 mimte OFF cycled 1.6 watt operating
life test. The purpose of this test was to determine whether
power cycling produced a significantly larger percentage of
legitimite failuree than non-cycling (The 3 minutes ON time
cllowed the junction temperature, Tj, to arrive within S0% - 95%
of its 1,06 watt ste:dy state temper:ture).

In generzl, these pre-tests were performed in order to provide more
information th:n Li.d been obt:ined durin; Fhase I, beczuse of the
high reliability of the precduct.

1. Pre-Tests to Determine the Effect of Temper:ture on Mechanical
Stren;th (Tests i through 1F).

Fipure 2 shows the results on stundard production line devices,
menufactured during the second anu third qu.rters of 1962, which
were tuken thirouph experiments 1A thrcugh 1C. Only opens and shorts
ure classified as failures. From this data there is nc reason to
suspect thit those devices which were previously subjected to a 20
KG stress experience significantly he.vier f.ilure rates at the 35
KG level thun these devices which were nct subjected to the prior
20 KG stress. Although soie ccses :ive . contriry indication (5
f-ilures in lot 304208, which included 20 KG centrifuge, against

10 failures in lot 305111, which did not include 20 KG centrifuge),
the overall results - 20 KG lots versus non-20 KG lots - indicate
o significant difference. The data following the second temperature
stress also supyorts this argument: no further failures.

Tie d. +. also indicutes that ticse devices which received oven
stvess for 312 hours, eitlLer ..t 200°C. or at 260°C., are apparently
act si,_vrdficontly we ker weciu nicilly th:n those devices which did
nct receive oven stress.

3. tistic 1 results supjorting, tue twe no-significance contentions
state. . bove .re s follows:
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FIGURE

PHASE II FRE-TEST EXPERIMENTS

EFFECT OF OVEN STORAGE ON MECHANIGCAL STRENGTH

AN T “oF SC
T AITELIED
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TWO BY TWO CONTINGENCY TALLE FOR A CHI SQUARE TEST ON THE EF<ECT QF 20 KG
PRE-CENTRIFUGE ON 35 KG MECHANICAL STRENGTH.

JEVICES W1TH NO DEVICES W1TH MARGINAL
FAIOR 20 KU FRIOR 20 KG TOTALS
EAERIENCE. EXFERIENCE.

CUSERVED | EXFECLEL C.SERVED | EXPECTED

CUNULATIVE WUMBER OF

VEVICES rAILING Y (AND
INCLUDING) IIE 37 KG, “e :0 16 20 Le
¢ wINUIE LEVEL

CU. .ULATIVE ¥...E.: OF

DEVICES FASSIN: Y (AND
I CUIDING) MNE 37 by 1k 1.0 1oy 157 333
© +IMUTE LEVEL

PARUTIMAL DCILLS pIye it 513
. ‘ . <
{ I‘l LT -(’/‘:_)} g
T. X = = 0,60
(f37 ¢ 1 1)(0py « & Mgy ¢ 1001+ £))
S herre Lier o oo pe W Ldreciaanmeew e b, owuady e Co Ka dovice
Ldlvre role te te L S me af b boaor tee D) Ku ovevices. b0 s ds . uCd cuence
vioe bamin e e erlie oves BT e e 4 ber gu wrd o= 106 point,
X2 = 11, Derescre oo oo »enlbs, Loer2 i e r-ueen to vel.sve
0 ] . 5 *
W, b7 L pre=stiess Loudn neer Low 3, na rasuats,

3Ll iy oder e o0 L G L@ oPe preesireor carSiticrorn, dor 300 Lours
¢. 20 KiLecw dde 1 et -an b

EVIVES WIT. N0 JUEVICES WIT: ZOCY|DEVICES Wilh 37(° [HARGINAL

OVE!! FiE-3MESS JC. CVEMN FRE- C. GVEN IR~ TOTALS
Slitx38 312833

OBSE (VE! [EXTEC (50 ]0.:5E1 VE) | EXFEC B | C5SERVED| EXFeG B!

JLULALLVA
.'hlun(.‘;s I‘\ |‘ lL‘HE‘ l;” 1301‘4 ll 13-1‘ m 13-2 hO
22 13 IEVIL

SULULATIVE MOVa
SalllRE3 AD TUS 112 111.. 114 11, pRoy 1.9.¢ 233
3% Ki LuVEL

id 1%L [QIAL3 1, 125 122 313

Z (xz>Actoal = .11

Cai squire 4 Llzs siew t.ct if the proccssas :re iZenticil tleve is - 353
prol- oility ti:t the ~bove dirflerences woul te coserved. In ilis case,
)(’,.o = ..l for two deprece of freccom. Tids infori: tion shows agiin that there
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is no reason to believe thut oven stzessing for 300 hours will influence the
performance of the devices at 35 KG.

Experiments 1D, 1E and 1F are similer tc tl.e experiments just described except
that the devices used were fzobricated with improved wire and using improved bonding
tecl.niques, : & described in tlic first coluwn of Figure 3, tie iresults tzble, The
conclusions derived here do not conflict with those sicwn in Figure 2. Because of
the iuproved bonding techniques, however, th.e failure rates .re either smell or
non-existent, Note that a total of over (00 hours has been r.ccumuloted on these
improved devices, with only the double-tonded, type "C" wire, devices showing the
effect of the oven hours.

2., Preatests to Determine the Perforrance of tiie Froduct on Operating Life
Stresses Above the Noranl Fower Rating for ti.e Device.

Figures L, 5, 6, 7 ¢nd 8 show scatter_rams of Iyg at 00 V. 2nd hyg (via an 1g
present.ations I; = 1 mA.) stability over 1,C00 hovrs of 1.6 W., 1.4 W., 1.2 W,,
1,0 W. and 0.8 Watts respectively. (hyg at 1 V,; 150 mA, was taken, but the zero-
hour readings were founc to be invalid).

Comparison of these figures indicates that no significant difference exists in
the I;o and hyg shifts observed for tie virious stresses. The difterence in
rercent failure between stresses is not significcnt either, no matter how the
failure end-point is selected.

3. Pre~Tests to Deternine the Effect of 1.6 Watt, 1,000-hour, Operating Life
on Devices Which have Shown Stability on a Prior Long-Term Voltage Flus
Teisperature lest (Devices from these I, LS V., ¢ Tenmperature Step-Stress,
92 und 192-hour treads, versus Controls of 20 V. + Power, 1 &«nd L-hcur trecds).

Se: Figure 9. The 1,000-hour scattergrem cf Igo shows no significant difference
in failure rates between the L5 V. ¢ Temperuture devices anc the "controls®.
Since reject analysis has not yet been performed on ti.e devices, we cannot
est:blish inversion layer troubles as tlie cause of failure. Regardless of the
problem, however, the comparison is .iscourcging, since it would indicate tiat
s vcltage plus temperature screen .ight not Le effective in reducing the major
cause of feilure, ~

Altlougl. the {rilure r.'es cuserved ter o ic t2st may Le cu.jirad te one inotier,
tley sheul’ nct Ln cogire? to feilure rites exietin, in tie pre-tests previcusly
lescribed, unless t. 2 lict tirt Lesc cdevices were cLi:ined eiw:lier is tiken into
account.

L. Pre-T:sts to De'ermine the Bffect of Cycling on Reliability.

These devices (Figure 1C) and the devices rresented in Fi ure L were obt:ined from
the sune production lots. Altloug:. turee rimtes of ON cycle will «1llow tl.e case
and the junction of the device to re:ch $04 - 9% of its steady-stute 1.6 Watt
velue - so that junction temperatires of the cycled devices are clcse to those of

# = Note tiot this infuriction is not in conflict with inform:tion given in the
tidrd querlerly repcrt, whicii st:te. tict teipercture i ing for short periods
of tiue (7% Lours) apjeured to iuprove tiie ueclicnical strength of the device.
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the non-cycled devices, there was no significant cdifference in fallure rates
Letween tiae two tests. Therefore, since the IC combinstion used ir the collector
¢f tie life test circuits (to suppress oscillation) presents a potential
trongient Loczard (a 15-V. spike on tue collector was seen on turn-off of the
creled avicss), it hrs been “ecide’ to run the Fhose II devices ~t the stesdy
st.te so tiiut neitlcr purprecly nor contirn 11y will tiey ve expussa to this
iionapd,

« Fhise IT St tas -na Date ane lyses.

Elavtric .l o ~eter ot bility - nclrecs for devices wrder_oin_ the Temper: ture

wit: B.ck-Bi:es VW1t o scr ovin iz ir:~ perforaed, The wnits .. ve been sub-
1ev.,t od tc 0 tet 1l or D70 loups ol cveh alvress urue’zin - rely, - balanced,
.omobeneou; s.r qment . LBO devices wact to 200°C. with LS V. und to 280°C.
with L- V.. d.sopited in the tiird qurterlv ro;ort vnnder ti. Froposed Fh:se

I1 Ex,.rim rte (Fl “r 6B). The devices re prescntly vrdergein, the stebiliuation
ho.ke, to e followed iy centrifnge, pricr % - eatended nlti-level life t:ist. An
Jition.l roawgeneots proup of LUD ievices will not receive - rv pre-life test
striss ~crecrin;, s¢ tic T the efiectiveress . eificiency ol t.e temperuture with
volt ;& nd coatrifi e scmsening coi le ov. Inotea on tle iife testiny (See Figure
11 in t.uic report).

An~Yrsos osad on tue efiets (L 200 cours cf tenger turs rnd velt. ;¢ show devices

i

Irem 2ehi stracses o Sooprode.dm %1y welle o0 vio. o The ol and oruphs
Soddewilo, Sl Jiee asicer wiilopeso 1o Ret 1P or oh ldecie Iotestdil, Lor
chleiroisec Loowin o tie twe Surers.s C--A-‘-‘BO ‘: v (Leme, :ritinctic shift
Lo Ardti l) Loperezat 0 csdr afon Zunts LW E, Vb!.\SAT) 2 rud VBE(&T)

wer o Zasy pdoveors,

Fio e 2g caevs toe o 5 my welto (U n e & Lgyy toot. This is ¢ distributione
‘re: test sed on bue ooaliond vl fPoa etweser e w Flenient 3:aple cumlative
shep Crnctdors (knovo o obee Kelic, cocveSiirncv bost).

Figr-s 12 w3 17 T Lt e wxezllent £ of AIcpg v "iz v 11 od the leg-normel

cioAribs fsor for ToVl. wib, wolti e ol ler  PUCC, wita vcl‘."_e rcspectivel"

Pow rrll suoW foe podios of SLiat fer ez el (o ‘siwur) srd tes L ost (oo-hour)

revamuntz, Bx ion tden of taece climves wiew Lew ~xtreselyr welleozliv, *'ed ti.ese

derices re, witu t¢ ppreaci Lle degr ¢ tic.. Ta- o culsted leust squire line

(; Cticios fo. Ll Cleacur fn D Celovi re decote "re weoWne TH o ouern il stenderd
,ion; . 20 o't ine. frew she soo-ticus. Ule of tues: pis-neter

¢s ,i 25 1love for tuc preiiction od b . jrcrovtion of duvizes lying ontsile

iny ci.en laa of Igpg de_r:wr tion, i.e.. A I\,go, for t.o desi_i:ted lours on

t=s%.

Fipures 15, 20 ©ud L/ suow lue percentiles (f reicentc & suift for *FS g
and Vgsis;gr) regpectively tor tetl scr.er strevses. T.o jercentdles ol sidf J.or
LbO devices Fer : stezes cre Jiven oo tue 18% to Lo Y9t perceniile. It «on Te
seen here, ‘Lun tiit re i.s:.n tie teapar: *ure frca 200°C. to 280¢C. acs little
effect on tie st lility ox taesc F-riueters for tie 20 ncurs of testing. However,
st tistic: 1y sipniticint results were oltiine! on tie :n.lysis besed on BV po
p--r.e‘.wbe sidit. Wiile ceviucs Lroa neit.er gir:cs degr:ded (lcwersd BVcpg), the
ictribution of percentcpe shift of BVgyp for tie hizuer stress (280°C. with
v:.‘ltq,e) vas sinificiitly wore o tue r:.,ut cil sue percontige shift cxis. Figure
16 cortr:sis tiwe Listo_r m of BV po rercai’sre shift for tcth ctresses f{cr the
exrly .nd tie icte re.d-outs. Above tie x....:to,_nm. tue tille and Lie results of
ti.e Kologorov-Siirnov two s:uple test is show», Ti.e reuzsons for t.e tendency of



28

BVCBO to rise more sharply for the higher stress cannot as yet be explained.
Figure 18 contrasts the percentiles of percentage shift between the two stresses.

Analysis of the Phase II program will continue and will be reported later.



Al

A3

FIGURE 11 - FROFOSED PHASE II EXFERIMENIS.

# (Lo Vv, + 200°C| # |Inversion| # |[Centrifu;e 3 Power
3C0 Horrs Luyer 20 or 35 levels
Tot:1l Tine B: ke=out kG - Y1 at 30V
200°C. Plane only
* |y v, « 280%°] # |Inversion| # |Centrifuge Same
300 Hours Layer 20 or 35 Power
Tot: 1 [liue Bake=out ku - Y1 levels
260°C. Plzne only
Same
Fower
levels

# |lemper:ture ¢ 45 V. Step-Stress
200 Hours/Step only.
Reud e in buse I

Pe.jer. ture Alone Step-Stress
62 Hours/Step up to 360°C.
Rei:d -8 in }.wne 1

Czntrifv. e Step-3tress
As ir. Firse 1

* = Recd Io, lyg VeE(SAT), VuE(SAT), SVeEo.
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FIGURE 1l

Table Showing the Cumulative Fercentzges and Results of the Statistical
Testing ¥ for Significant Differences of Distribution of Igpg Shift from
Initial (A Icpg) for 200°C. Temperature plus LS V. Back Bias Stress and
260°C. Temperature plus L5 V. Back Bias Stress of 300 Hours Durstion.
(Balenced, homogeneous sample of LB0 units at each stress).

Shifts of I;po

ir willimicroamps. 10 20 50 100 | 1,000 |10,000 |100,000

AVaY

Fercent of Units
Shifting, that indicated | 9L.2 | 95.0 | 95.4 | 95.0 | 96.0 | 96.75 | 99.38 | 99.8
:-,mognt or less for
200°C. ¢+ L5 V,

Tercent of Units
Shiftin; that indicuted | 95.2 | 95.8 | 96,0 | 9647 | 975 | 99.38 | 99.6 | 99.8
amount or less for
280°C. « LS V.

AlLegolute Differences
Of CU' .'.111 tive 1.0 0.8 O.() 1.1 105 0.63 0022 0.0

Fcercent:;es
LAXINUL. DIF<ERENCE ——J

3% 59 Criti:1 V'lue = §
1C5 Critic:] Valne = 8

RESULT: STATISTICALLY INSIGNIFICANT.

% = [he distritution frce Koluogorov-S:irnov test bised on maxiimm deviation
tatween two independent s:iple curmlative step functiors.

#¢ = Stutistically significont ot tue 53 critical level is equivalent to
statin_ ti:t t.e probubility of obtaining that maxi.um difference
ctserved under tie sssumption of no distribution differences between
the p rent populstions is less thin a 1 in 20 chance,
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FIGURE 15

Fercentiles of Fercentzye Shift for hyg at Vgg = 1 V.; Ig = 150 mA. Shown for
200°C, with L5 V. and for 280°C, with ES V. at Bach Read-out Time.

200°C. wit. L.V, 280°C. witn LS V.
HOURS “HOURS
ég 130 200 300 65 130 200 20&

1% -7 -7 -1 -1 -9 -8 -9 - 10

2% -6 -0 -6 -6 - 8 -8 -8 -8

2| -L| -5| -5| -5 -6 | =6 | =7 ] -1
10% -3 -4 -4 -4 -4 -6 -6 - b
25% -1 -2 -3 -3 -2 -4 -4 - L
so% +1 -1 -2 -2 +1 -2 -2 -2
75% +2 0 0 0 + 2 0 0 0
90% + 3 + 1 + 1 + 1 + |y + 2 + 2 * 2
95% + 5 + 2 + 2 + 2 + 5 + 3 + 3 + 3
968 + 0 + 3 *? + 3 + 6 +5 + U + 5
99% + 7 + L + 3 + 3 + 8 +* 0 +5 + 7

FIGURE 1C¢
Fercentiles of lercent: e Suift for VCE;SAT) xt 15 ¢nd 15C mA. Shown for
2009C, with L5 V. und for 260°C. with LS V. at Buci: Rexzd=out Time.
€00°C, witn LS V. 2809C, with LS V,
HHOURS HOURS
¢S 130C 260 300 . 130 200 300

1% -y - 1t -1l - 13 -5 - 12 - 12 - 13

2% -1 -1 -10| «10 - -9 -9 -8

Y 4 -4 -9 -1 -7 -3 -1 -6 -5
108 | -3 -6| -6] -5 -2 | -5 | -5 | -k
25% -1 -3 -3 -3 0 -3 -2 -2
5ok +1 -1 -1 0 +2 0 0 *1
75% + 3 + 2 + 2 + 2 + 3 + 2 * 2 +3
sci| 5| +5| +s5| e +5 | oL | oL | +8
95% + 6 + 0 .7 + 6 + 6 + 6 .5 + 8
964 +9 + 8 . 12 +« 10 + 6} + 8 .7 « 1
ST | + 11| +10| <19 | ¢ 27 +7 | +10 + 8 + 1




FIGURE 17

Fercentiles of Percentage Shift for VBE%SAT) at 15 and 150 mA. Shown for

200°C. with 45 V. and for 280°C. with L

V. at Bach Read-out Time.

200°C. with L5 V. 280°C, with 45 V.
HOURS URS
65 130 200 300 65 130 200 300
1% - 63 -7 -7 -9 -5 -7 -1 -7
2% - L -4 -3 - 6} -1 -2 -1 -2
5% 0 1 -1 -1 0 0 0 0
10% 0 0 0 0 +1 0 0 0
25% + 1 0 0 0 +1 .1 +1 +1
50% + 1 +1 +1 v 1 +1 +1 +1 +1
75% + 2 +1 +1 +1 + 2 2 + 2 +2
0% T ¢ 2 + 2 +* 2 + 2 + 2 + 2 + 3
95% 2 2 .2 + 2 +2 + 3 + 3 +3
141 + 2 + 2 .2 + 2 +3 + 3 +3 + L
99% + 2 + 3 +3 +3 + 3 + L +3 + U
FIGURE 18
Fercentiles of lercent:..;e Shift for BVopg at 100 uA. Shiown for
2r0°C. witl. LS V. and for 280°C. with L% V. at Each Recd-out Time.
20¢%C, with L5 V. 280°C, with L5 V.
HOURS HOURS
65 130 200 300 65 130 200 300
] -18| =25} -5 | -57 +1 -} -2 -3
2% + 1 -2 - 24 - L1 + 1 1 +1 + ]
LY + 1 1 1 +1 + 1 +1 ¢ 1 + 1
10% +1 « 1 + 1 +1 +1 +1 + 1 +1
261 +5 + 05 + 6 + 0 +5 + 7 + 7 + 7
50k + 7 + 8 +9 +9 + 12 1l | +14 | 1
75% +10| «10| «11 | «+11 * 17 + 18 + 19 + 19
S0% + 12 + 13 + 13 + 1 .21 .23 e 24 + 2
95% + 1 + 1y +« 15 + 16 * 2 + 26 + 27 + 27
988 | + 16| 17 | +17 | « 16 +273 | +31 | #32 | 31
$9% + 19 + 20 + 20 +2C + 3 + 34 + 3k + 3L
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E.

F.

Conclu-
sions

Program
for next
Quarter

36
- Pre-tests periormed to deute have indicated thats

1. Six lmndred hours of 200°C. to 280°C. produces no significant
uwechenical degredation of the device (degredation defined here
25 an open or short after 35 KG centrifuge). As a result of
this pre-test, both 200°C. with voltage and 280°C. with voltage
ere being used as screening tests in Phese II,

2., No significent difference in 35 KG mechsnical strength exists
between those devices which hed previously been stressed ct
20 KG and those which had not.

3. No significant difference in fuallure rates was observed between
the 0.8, 1,0, 1.2, 1.4 and 1,6 Watt stresses. This meazns that
either there is no difference cr, more probebly, that the
sample size used was not large enough to detect the existing
difference. It is interestin.: to note th:t devices operzting
¢t the 1.6, 1l.L ¢nd, to some extent, ot the 1.2 Watt levels
¢re actually oreriting in thermizl runcway. The base lead of
such ¢ device is open (beczuse of the back~biasci diode in the
life test circuit base connection), «nd the device is "trans-
isting® becutuse of thermally-generzted bzse ccrriers. Since
each device aprears to seek its own power level, it is necessary
to take periodic on-raéck measurements of power cnd voltage on
each device.

L. There w:s no significunt difference in 1.6 Watt, 1,0CO-hour,
failure r:te between tliose devices which h:d successfully
passed an extended voltige plus temper: ture screcen and those
levices which .:d not Lcen subjected to the screen. This offers
some preli.in:ry indic: Ltion thit voltege ¢nd tenpercture oy
not Le /n etfective screen ror tiis tyre of device. Fhease II,
however, shoulc provide z better indication of thic.

Since the cycled test oftered no evidence of higher failure
rates thin the non-cycled test, znd since there is somewhat
of a voltage transient problem on the operating life racks,
thase I1 tests will be conducted in the steucy state.

\m
.

- Contimuance of the program proposed in the third quarterly report.

IX, AREA OF WORK ~ INSPECTION AND QUALITY CONTROL FLAN,

1A,

B.

Work Item - Inspection and Quality Control llanual.

Abstrcct

= During this work period, lrocess Flow Diagrems were coded for
cross-reference to interaal document identilicction. Sections
I and II of the Marurl were completed. Three copies of the
Manuel were forwurded to tue Electronics Muteriel Agency for
approvel.
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Purpcse - The Inspection and Quality Control Manual outlines the total Quality
Control plan to be implemented during the production run phase of
this contract.

Program - Complete, and revise where necessary, all documentation required for
for next the implementation of the Inspection and Quality Control plan.
Querter



Personnel

C.
E.
F.

PROFESSIONAL PERSONNEL
and
TOTAL AFFLIED EFFORT

for period covering

1 February, 1963 - 30 April, 1963.

Calder
DiPietro
Durso

Fox
Glasbrenner
Jucobs
Kobler
Lanzl
Logen

Poe
Richardson
Smith

Wholey

Man-Hours

L, 220 total
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U. S. ARMY ELECTRONICS MATERIEL AGENCY.
Production Bngineering Measure
DA-36-039-8C-86727
Silicon Grown Diffused Transistor
2N336

The purpose of the Production Engineering Measure Program is to improve the production
techniques on the Silicon Grown Diffused Transistor type 2N338, with a maximum failure
rate of 0.01% per 1,000 hours at a 90%f confidence level at 25°C. as an objective.
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1. ABSTRACT

Passivation,
Thie phase of the contract is complete., Bvaluation results are reported below,

Eigh Tewperature Main Sealing.

This phase of the contract is complete, with a production capacity of 1,200 units per
hour attainable without automatic cap loading.

rimentation and Bvaluation.

A statistically designed experiment, involving LOO units, to analyse the rotary cap
welder is in progress. The experiment is based on the results of the encapsulation
experiment and is aimed toward optimization of gas flow rate with respect to
reliability.

The evaluation of the automatic passivation experiment reveals that there is no
significant difference between the automatic system and the prototype. The automatic
system is therefore recommended for installation in the production line. During the
experiment, it was determined that a high temperature, back-bias voltage (200°C.; 45 V.
Vcp) screen gives statistically significant results in permitting early detection of
Icpo up-shifters on high power life tests. It was also determined that 250°C. and 300°C.
storage produce failures in the bulk which degrade the breakdown voltage. Power failures
are surface-connected.

Characteristic Distribution.

Weekly parameter distributions of fhfb, hrb, hodb, NF, VcE, Cob, hfe (#25°C, and -55°C.),
BVcBo, BVEBO, IcBO (#25°C. and 0]50°C.S are included for weeks 1 through 20 of 1963.



2. PURFOSE

The purpose of the Production Engineering Measure Program is to improve the
production techniques on the S8ilicon Grown Diffused Transistor type 2N336, with

a maximum failure rate of 0.01% per 1,000 hours at a 90% confidence level at 25°C,
as an objective.

In the fabrication of semiconductor devices there are inevitably critical process
steps which, due to process variability, exert an influence on test yields and also
on long range reliability. In order to achieve the reliability objective of this
program, two key process steps have been singled out to maximize process control.
By redesign of initial production equipment in these two areas, the latest
processing techniques can be incorporated, while minimizing process variability,
and at the same time greatly increasing production capability. The two specific
work areas referred to above are Surface Passivation and High Temperature Main
Sealing.

The objectives of this report are now noted.

2.1 PASSIVATION

Installation of equipment which will:

1. Permit the incorporation of the latest processing techniques.
2. Minimize process variability.

3. Increase production capability.

2,2 HIGH TEMPERATURE MAIN SEALING.

Installation of main seal welding equipment which will meet the process requirements,
defined as necessary to achieve highly reliable device performance, and which will
also provide for volume production.

2.3 EXPERIMENTATION AND EVALUATION

2.3.1 Reliability Experiment.

Determination of the reliability of the automatic passivation process versus the
prototype method.

2.4 CHARACTERISTIC DISTRIBUTIONS

The establishment of a system to monitor the electrical parameter distributions on the
LJDLC 1ine where the 2N336 is produced.

3. NARRATIVE AND DATA

3.1 PASSIVATION

The automatic passivation equipment was installed, as reported in the second
quarterly report, and the evaluation of the equipment is reported below.



3.2 HIGH TEMPERATURE MAIN SEALING

Analysis of the high temperature main sealing process is in progress.

A total of LOO devices, fabricated over a period of several weeks, has been encapsulated
using both the new rotary cap welding design and the present standard encapsulation
system. The high temperature ani the duration of purging time are maintained for both
systems at constant levels, as established from previous experimentation.

Three levels of gas flow rate will be used for the rotary welder to establish an
optimum. All other materials, process steps and equipment preceding and following
encapsulation have been kept identical. The units have been identified so that the
period of production as well as the encapsulation system (and the different flow
rates for the rotary system) can be established.

All units will be processed through a temperature and back-bias wvoltage screen and
put on an extended accelerated power life test

Results from this experiment will be reported in due course.

Since the production rate of 1,200 units per hour, as presented in the proposal, is
attainable without automatic cap loadang, this phase of the process has been dropped.

3 3 EXPERIMENTATION AND EVALUATION

ihe following pages contain the report on:
3.3.1 RELIABILITY EXPERIMENT

OBJECTIVE.

The primary purpose of the Passivation Experiment is to allow a valid comparison to

be made between the new automated surface passivation system (as described in previous
reports) and a prototype of the proposed system (referred to as the standard
passivation system). The comparison will be based on the reliability and distribution
performance on accelerated power and temperature storage conditions for devices
processed through both passivation systems.

A secondary purpose is the demonstration of the effectiveness of a short time
(100 hours) of 100% stress screening of temperature (200°C.) with back-bias
collector woltage (LS V.) in culling out potential n-inversion failures on long-
term high power tests.

EXPERIMENT DESIGN.

A total of 500 devices, fabricated over a period of several weeks, is used in this
experiment. All material, process steps and equipment used in fabrication are
identical, except for the passivation processes. The passivation procedure, using
both systems, has been performed at several production periods to assure adequate
replication of the experimental design.

Figure 1 shows how the devices are allocated throughout the experiment in a balanced
fashion. Thus, the design reduces to a replicated 23 full factorial, viz. 3 varisbles,
each at two levels, as shown in the figure.



AUTCMATIC
PASSIVATION

STANDARD
PASSIVATION

SCREENING CONDITIONS.

POWER
SCREENED
STORAGE
INITIAL
POWJER
UNSCREENED
STORAGE
POWER
SCREENED
STORAGE
INITIAL
POJER
UNSCREENED
STORACGE

LIFE TEST CONDITIONS.

200°C.; LS V. Vcp
for 100 Hours.

Stabilization Bake
50 Hours.

POWER:

760 mw.; 30 V. Vcg; 25°C, ambient temperature
Emitter current cycled 50 mimutes ON, 10 mimites OFF,

STORAGE:
250°C. ambient temperature.
Minimum 1,000 Hours.

FIGURE 1 - EXPERIMENTAL DESIGN.



TEST CONDITIONS AND MEASUREMENTS.

All devices are measured initially and parameter screened before being considered as
experimental potential, i.e., Igpg at 30 V. Vop< 50 muA, and ICcgo at 25 V.< 100 muA.

This is followed by a 100~hour stress screen of temperature (2000C.) with back-bias
collector voltage (LS V.) aprlied to a random balanced half of the total devices.

The stress-screened units are parameter screened and subjected to a 50-hour stabilization
bake, then parameter screened again.

Both stress-screened and non-stress-screened devices are then divided, again in a random
balanced manner, between a 1,000-hour accelerated power test (760 mw.; 30 V. Vgp3 25°C.
ambient temperature with emitter current cycled 50 minutes ON, 10 minutes OFF) and an
accelerated temperature storage test (2500C.).

(The life testing of automatic passivation units is to be extended to provide further
information, depending on socket availability).

CONCLUSIONS AND RECOMMENOATIONS.

Statistical analyses (both on an attribute and on a variables basis) comparing the
two passivation systems showed no statistical significance, either during stress
screening or during extended accelerated power and temperature storage tests.

Tables 1, 2 and 3 show the percentiles of Igpp leakage, hpg percent shift from initial
reading and BVgpp degradation respectively for different combinations of passivation
system, stress screening and accelerated life test. In the case of stress-screened
units, "initial" reading is the reading after the stabilization bake, immediately

prior to life test. The duta is shown for each successive readout time on the accelerated
life tests.

Table L4 and Tables 5, 6 und 7 show the Contingency Tables and summarized Chi-square
test results. These demonstrate statistically significant differences (at the 0.05
level) between stress-screened and non-stress-screened product and the different life
tests both on an attribute (Table L) and on a variables (Tables 5, 6 and 7) basis,
vwhile non-statistically significant results are obtained between the two passivation
systems.

Figure 2 demonstrates the very positive correlation between Igcpg "up-shifters® on
short-term (100 hours) temperature plus back-bias voltage screening and long-term
(1,000 hours or more) accelerated power testing. This correlation is not evident

between temperature and back-bias screen and accelerated temperature storage life
test, as can be seen in Figure 3.

Reject analysis reveals that the failures on 250°C. storage life test show an extreme
breakdown voltage degradation which is very much time-dependent as well as temperature-
dependent, and independent of temperature and back-bias voltage screening. Weibull

plots of failure-in-time give a slope (B) of 1, showing a constant failure rate. For
250°C,, this degradation occurs in the neighborhood of 1,000 hours; raising the temperature
to 300°C., for example, will more than halve the time at which degradation occurs.

These failures are not recoverable on re-etching and appear to exhibit a non-surface
phenomenon.

The few failures occurring on the 760 mw. life test (in the neighborhood of 1%) are
recoverable on re-etching, however, and appear to be of the surface contamination type.



RECOMMENDATION.

Based on the results of this experiment, the new automatic passivation system is
recommended for installation in the production line.

TABLE 1

. 10, 50 and 90 Percentiles of 1028 at Vgg = 30 V. at Initial (Value after Bake for
160,

screened units) and after 20, 5C0 and 1,000 Hours of Accelerated Life Testing.

ACCELEIATED POWER
(760 mw.; 25°C. ambient temperature; cycled emitter
current 50 min, ON, 10 min. OFF).
SCREENED UNSCREENED
LIFE TEST HOURS LIFE TEST HOURS
Init | 20 | 160 | 500 | 1000 Init | 20 | 160 | 500 | 1000
108 0 0 0 0 1 0 0 0 0 1  mA.
Automatic
P:ssivation 504 2 2 3 3 5 2 3 5 7 10 muA,
System
90%| 9 91 10| 15| 23 19 115 ] 29| 90| 134 maA,
104 0 0 0 0 1 0 0 0 1 2  muA.
Standard
Fassivation 50% 2 3 2 3 5 2 3 3 6 8 mA,
System
906 13 17| 17| 17 3L 15 13 30} 42 58 muaA.
ACCELERATED TEMPERATURE STORAGE
(250°C.)
SCREENED UNSCREENED
LIFE TEST HOURS LIFE TEST HOURS
Init | 20 | 16C | 500 | 1000 Imt |20 | 160 | 500 | 1000
o8| © o| o| o 1 0| o o] o 1  mA.
Automatic
Passivation 50% 2 3 2 2 2 2 2 1 2 3 mA,
System
906 10 | 13| 8| 8| 15 15 |13 9 21| 10 uA.
10% 0 1 0 0 b 0 1 0] o 1 muA,
Standard
Fassivation 50% 2 3 2 2 2 3 3 3 L 3 muA.
System
90%| 186 291 12| 10 12 12 | 32 18| 18 L6 muA,




TABIE 2

10, 50 and 90 Percentiles of hyg % Shift from Initial (Value after Bake for screened
units) at Vgg = 5.V.; Ig = 1.0 mA. at 20, 160, 500 and 1,000 Hours of Accelerated
Life Testing

ACCELERATED POWER
(760 1mw.; 25°C, ambient temperature; cycled emitter
cirrent 50 min. OM, 10 min. OFF).
SC.EENED UNSCREENED
LIFE TEST HOURS LIFE TEST HOURS
20| 106 | 50u | 1000 20 | 160 | 500 | 1000
104 3 O 9 4 2 | ~24 5 =4
Automatac
ITassivation 50% 12| | 23 17 10| 15| 25 18
Systemn
904 | 1v{ b| o) 2b 20| 33| L6| 35
104 0 0 0 -i 2 7 8 1
Standard
Passivition 50% 130 15| .9 ik UL 39| 24 16
Syrstem
Y0% 21 24| 33 20 26 | 34| L1 31
ACCELERATED TEMPERATURE STORAGE
£ 250%C.)
SCREENED UNSCREENED
LIFE TEST HOURS LIFE TEST HOURS
20| 160 | 500 | 1000 20 | 160 | 500 | 1000
p—
106 =2 ~2u) ~30f =36 -2 | <251 <33] -L3
Automatic
Passivation 503 sl 2| -y| -0 3] -3| -5| =12
System
90% i3] 18} 22 2L 13| 18} 38 L6
108 2| 23| 33| -39 -2 | =27 | =31| =36
Standard
Passivation 50% si 2] -6 -2 S| =& =5 =11
System
90% ] 12 20 17 Wl 18} 23 22




TABIE 3

10, 50 and 90 Percentiles of BVgpg at Ig - YO uA. at Initial (Value after Bake for
screened units) and After 20. 160. 500 and 1,000 Hours of Accelerated Life Testing.

ACCELERATED POWER
(760 mw,; 25°C. amblent temperature, cycled emitter
carrent 50 min. ON, 10 min, OFF).
SCREENED UNSCREENED
LIFE TEST HOURS LIFE TESI HOURS
Inmit| 20| 10| 500 1000 Im+| 20]160] 500 | 2000
103 ol By B3] L Sy 26| 791 771 79 77 V.
Artomitis
Passivation S06 | 13| 13| l5u| 132 136 114} 115 /118 118 122 V.
System
90% | 162 | wl| 15| 141 ol 1521152 | 193] 159 | 159 V.
10% TO| 7Ll 67 LT 67 b | 6| 761 77 76 V.
Standard
Fassivatica SGE| 122 | Lo3| 1251 1i2™ icu 116 | 120 | 123|124 | 123 V.
System
yC5 1 109 | 16y | 170 109 iy 1n2 | 202|162 162 162 V.
ACCELERATED TEngEmATURE STORAGE
{250°C.)
SCREENED UNSCREENED
LIFE TEST HOUQXS LIFE TEST HOURS
Inmat| 20| 200] 500 2000 Init| 20| 160 500 | 1000
1Ch 93| 9L | 90| 67 go| tz| 76] 51 27T V.
Automatis
Pussivation 508 | 124 | 127 oyl 11871 1:0 21111291118 110 102 V.
System
908 | 178 | 178|179 175 (i 03| o2 | 160 158} 158 V.
103 76| Bil &5 79 59 80| 63| B2} 77 39 V.
Standard
Fassavation 508 | 128 | r28 ] 130 25| 09 122126 1127|116 111 W,
System
90% | 163 | 1AL | .83 150 159 165 165 116k 164 ] 1sL V.




TABIE 4

Two by Two Contingency Tables on Faiiares” Showirg Chi-Square Test Results
Comparing Separately:

A, Automatic versus Stardard Passivation.
B, Stress-Screea versus Nor Stress-Screen.
C. Accelerated Power Life Test versus Accelerated Temperature Storage Life Test.

A. AUTOHATIC STANDARD MARGINAL
FASSIVATION | PASSIVATION TOTALS
No. of Non F.:.ed Devices 1be 205 387
No. of Failed Duvices 0 6 i6
Marginal Toculs TN el L03
Cal.ulited Shl-Squ.re  0.9. STATISTICALLY INSIGNIFICANT
B. STRESS NON-STAESS | MARGINAL
SCREENED SCREENED TOTALS
No. of Non-Faiisd Devices 207 180 387
No. of Failed Desvices L 12 16
Marginal Totals 211 19¢ 403
Calculated Chi-38quire = L.v2
5% Critical Cha Sjuire i1 degree of Freedom) - 3.84
STATISTICALLY SIGNISICANT AT THE 0.05 LEVEL,
C. FOWER STORAGE MARGINAL
TOTALS
No. of Non-Failed Devi.es 193 e 387
No. of Fa.ied Deviies 5 A 10
Marpinal Tot.is | 190 e 403

Calrulated Chi Sguiu= 4.
5% Critical Chi Square (1 de ree of Freeaun)
STATISTICALLY SIGNIFICANT AT THE 0,05 LEVEL.

75

Iby

* : Farlures are defired as thoce devices whith exceed 1 uA. for Igpp at Vg = 30 V.
cn Life Tez-.

All devices have passed the mului parameter (Iggo and Icgo) screeming criteria.

"Statisticaily sigrifi:int «t tne 0,05 ievel" 1s equivilent to stating that the
probability of cbserving a break-up betweern failures and ncn-—failures under the
assumption of no differcr:e hetweein the *wo types of devices is less than a 1 in
20 ~hance.
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TABLE 5

Contingency Tables, Shcwing Chi -Square Tesh Results Comparing the 30-V. Vo Igpo
Distribution Separately for:

A. Stress-Scrzened versus Non 8tress..Sireened.
B. Azcelernted Powes Lite Test versus Acceler: ted Temperature Storape Life Test.

After 1.000 Hoirs on Liite Tast.

A. STRESS . SCREENED NON . ST.(ESS- SCREENED | MARGINAL
TOTALS

Frequeny Observed | Expected Observed | Exrected

Claes

mlu'u
>0 £ IER 1v5 ) Lit 126.7 266
>5 €10 4 PIERY) 17 19.1 Lo
»10 £ 50 26 3u. b 1.4 66
>50 £ .000 N By 1 7.6 16
» 1000 “ P al 11 7. ¢ 15
Harin 3 Tetins il | Le2 1,03

Uolrasated Cui-Squale = (9.0
1% Criticus Cia Squ.re (4 de -rees o Frecedom) ¢ 1343
HIGHLY SIGNIFICANT.

B, HOWER ST0.AGE LA'tGINAL
TOTALS

Froquency Observed| Bxpected Obsarved | Expected

Cliss

T _
> £g i3 129y Lo 136.0 206
>5 £ 2y 1Y.4 1. 20 © Lo
> %5y £0 LR 0 32.9 ob
o0 € ,000 il i.b 5 8.2 16
> 2400 K 7. . 7.7 15
Mar-inal Totals i9G | i 403

C:icutated Chi-Sguare = L[O.7
1A Critizay Cn.-Square (i degrees of Freadem) -« 1343
HIZHLY SIGNIFICANT,

AlL devices have passed ti.r maiti pirimeter {(Igpo and icgg) screening criteria.

"iicniy sigmficast a4 the 1% level™ is equivalent to stating that the probability
of observing a break-.p between frequen:y cla3ses under the assumption of no difference
betwesn *he tWo tyres oif devices is 2ess than 2 1 in 100 chance.



TABIE 6
Contingency Tables, Showing Chi-Square Test Results Comparing the hpg Percent
Shaft from Initial Life Test Value at Vog =5 V.; Ig = 1.0 mA. Distribution
Separately for:

A. Stress--Screened versus Non-3tress-Screened.
B. Accelerated Fower Life Test versus Accelerated Temperature Storage Life Test.

After 1.000 Hours on life Test.

A, S[RESS-SCREENED NON-~-STRESS-SCREENED || MARGINAL
TOTALS
Frequency Ovserved | Expected Observed | Expected
Class
b
> <
Lo 7 ©.3 5 5.7 12
30 Lo 10 12.0 1 11,4 2L
~20 «30 20 19.3 17 17.7 37
L1000 =20 25 22.5 18 20,5 L3
0 <10 26 26.7 23 24.3 51
0 10 33 35.0 34 32.0 67
+10  +20 L7 uk.5 38 Lo.5 85
+20 430 28 2L 18 21.9 L6
+30 +LO 5 6.9 12 6.1 17
+,0 8 11.0 13 10.0 21
Mirginal Totols 211 192 403

Calculated Chi-Square = 9,2
104 Critical Chi-Square (9 degrees of Freedom) = 14.7
STATISIICALLY INSIGNIFICANT.

B. FOWER STORAGE MARGINAL
TOTALS
Frequency Observed | Expected Observed | Expected
Class
%
> e
) 0 5.8 12 6.2 12
=30  ~L0 0 11.7 N 12.3 2L
20«30 i i8.0 36 19.0 37
10 =20 o 20.9 37 22,1 L3
0 10 12 2Lab 39 26,2 51
0 <10 39 32.6 28 3L4.4 67
+10  +20 7 L1.3 6 L3.7 85
+20 +30 38 22.4 8 23.6 Lé
+30 440 12 6.3 5 8.7 17
+40 9 10.2 12 10.8 21
Marzinal Totals 196 207 403

Calculated Chi-Square = 193.0
1% Critical Chi-Square (9 degrees of Freedom) = 21.7
HIGHLY SIGNIFICANT.
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TABLE 7

Contingency Tables, Showing Chi-Square Test Results Comparing the BVcpg (Ig = 50 uA.)
Dstribution Separately for:

A. Stress-Screened versus Non-Stress-Screened.
B. Accelerated Fower Life Test versus Accelerated Temperature Storage Life Test.

After 1,000 Hours on Life lest.

A. STRE3S~3CREENED NON-STRESS-SCREENED | MARGINAL
TOTALS
Frequency Ouserved | Expected Observed | Expected
Class
\'
> £
0 Lo 5 9.4 13 8.6 18
Lo 6o 22 25.1 26 22.9 L6
80 120 72 72.8 67 66.2 139
160 160 g2 65.9 72 78.1 164
160 200 1% 15.7 Tl 1.3 30
200 n 2.1 0 1.9 L
hxginal Totals 21l 162 403

Cal .l .ted Chi-Squiire = 9,%

104 Critic.l Chi--Squ.re (5 desrees of Freedom) = 9.24
54 Criticul Chi-Squire (5 deigrees of Frecdonm) = 11.1
STATISITCALLY SIGNIFICANT AT ItiE 104 LEVEL.

B. FOWER STORAGE FARGINAL
TOTALS
freguercy Observed | Expected Observed | Expected
Ciass
V.
> <
¢] L0 1 6.8 7 9.2 18
L 60 20 23.3 28 24.7 L8
Ly ico GO 67 .0 7y 71.4 139
120 160 1) 79.8 66 84.2 164
160 200 17 .6 13 15.4 30
200 _ 2 1.9 2 2.1
Mar-in.i Totals 196 207 403

Calculated Chi-Square = 23.2
1% Critical Chi-Square (5 degrees of Freedom) = 15.1
HIGHLY SIGNIFICANT.
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3.4 CHARACTERISTIC DISTRIBUTIONS

The attached report gives the weekly parameter distributions of BVgpg, BVcpg, hfe,
Ico at 25°C. and 150°C., and hfe at ~55°C. As stated in the last report, current
gain hfe has been recorded rather than hgy, and BVppg at Ig = 100 microamperes has
been recorded rather than Iggg at Vgg = 1 Volt.

The Quality Control Report describing the quality practices exercised by the General
Electric Company in the construction of 2N336 transistors for the U.S. Army Electronics
Materiel Agency was sent to the Agency on 2-19-1963. A request for additional forms was
filled on 4-12-1963. The manual will be used when the production run is begun.
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L.  CONCLUSTONS

The passivation experiment has shown that the automatic equipment is not significantly
different from the prototype, and its installation in the production line is fully
justified. The reliability study performed during this experiment has shown a
significant ststistical difference between those units which have been subjected to

a temperature and back-blas voltage screen and those which have not. This screen

has the ability to remove the potential I;pp up-shifters on both power and operating
life tests. The failure mechanism appears to be surface-oriented. High temperature
stresses of 250°C. and 300°C. appear to produce bulk failure mechanisms which are
irreversible.

A main seal welding experiment is in progress to optimize the flush time and to check
the reliability of the equipment. The automatic cap-loader has been abandoned, since
the proposed production rates are attainable without it.



S. PROORAM FOR NEXT QUARTER

5.1 PASSIVATION
This part of the program is complete.
5.2 HIGH TEMPERATURE MAIN SEALING

This part of the program is complete.
S.3 PRODUCTION RUN

This part of the program is ready and can be started as soon as authorization is
given by the Agency.

5., EXPERIMENTATION AND EVALUATION

Bvaluation of the rotary cap welder will be continued.

Evaluation of the production run will begin as soon as this part of the program is
authorized.

5.5 CHARACTERISTIC DISTRIBUTIONS

The monitoring of the electrical parameter distribution of the LJDLC line will
continue, Parameters will be added as necessary or dropped, if it is found that
they can be controlled via correlation with other parameters
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6. PUBLICATIONS AND REPORTS

6.1 Formal Quarterly Report.
The Third Quarterly Report was completed, approved, and distributed.
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PROFESSIONAL PERSONNEL
and
TOTAL AFFLIED EFFORT
for period covering

31 January 1963 - 30 April 1963

PERSONNEL MAN-HOURS

F. J. Potter 1,096
P. W. Olski

D. F. Smith

T, E. Gates

Cc. L. Jeffers

F. Muripodi

W. A. Scherff

A, Fox



